Members of the genus Aeromonas (family Aeromonadaceae) are medically important, Gramnegative, rod-shaped micro-organisms and are ubiquitous in aquatic environments. Aeromonas species are increasingly recognized as enteric pathogens; they possess several virulence factors associated with human disease, and represent a serious public health concern. In the present study, putative virulence traits of Aeromonas hydrophila isolates collected from different natural surface waters of Kolkata, India, were compared with a group of clinical isolates from the same geographical area using tissue culture and PCR assays. Enteropathogenic potential was investigated in the mouse model. Of the 21 environmental isolates tested, the majority showed cytotoxicity to HeLa cells (81 %), haemolysin production (71 %) and serum resistance properties (90 %), and they all exhibited multi-drug resistance. Some of the isolates induced fluid accumulation (FA ratio¢100), damage to the gut and an inflammatory reaction in the mouse intestine; these effects were comparable to those of clinical strains of A. hydrophila and toxigenic Vibrio cholerae. Interestingly, two of the isolates evoked a cell vacuolation effect in HeLa cells, and were also able to induce FA. These findings demonstrate the presence of potentially pathogenic and multi-drug-resistant A. hydrophila in the surface waters, thereby indicating a significant risk to public health. Continuous monitoring of surface waters is important to identify potential waterborne pathogens and to reduce the health risk caused by the genus Aeromonas.
INTRODUCTION
Aeromonas species are ubiquitous micro-organisms isolated from clinical, environmental and food samples (Agger et al., 1985; Sinha et al., 2004) . They have been documented in a variety of human illnesses, including septicaemia, meningitis, wound infections and lung infections (Janda & Abbott, 1998) , although the most frequent reports indicate the association of Aeromonas species with acute gastroenteritis. However, the aetiological role of Aeromonas species in bacterial gastroenteritis is not yet clearly understood. Aeromonads are heterogeneous and only certain subgroups may be pathogenic; hence, it is difficult to assign an unequivocal role for these organisms in human diarrhoeal disease (Kühn et al., 1997) . Among bacteria-mediated gastroenteritis, the genus Aeromonas is increasingly recognized as an enteric pathogen (Janda, 1991; Janda & Abbott, 1998) . Although a strong association between diarrhoeal disease and Aeromonas hydrophila has been shown in children and in adults .60 years old, this organism has been isolated from cases of travellers' diarrhoea with high frequency (Agger et al., 1985; Yamada et al., 1997) . A recent study indicated that Aeromonas-associated diarrhoea is sporadic, similar to infections caused by Vibrio cholerae non-O1 and non-O139 serogroups (Sinha et al., 2004) .
The pathogenesis of Aeromonas infection is complex and multifactorial (Janda & Abbott, 1998; Chopra et al., 2000) . Aeromonas species produce a variety of virulence factors, including cytotoxic and cytotonic enterotoxins, aerolysins, haemolysins, proteases, haemagglutinins and lipases (Merino et al., 1999) , and are invasive to cultured cell lines (Lawson et al., 1985) . A high isolation rate of aeromonads has been documented from the environment as well as from humans (Albert et al., 2000; Sinha et al., 2004) . Albert et al. (2000) reported that isolates of Aeromonas spp. harbour both alt and ast genes, encoding heat-labile cytotonic and heat-stable cytotonic enterotoxin, respectively, associated with watery diarrhoea. The isolation rate of Aeromonas species from diarrhoeic stool has been reported to be as high as 10.8 %, compared to only 2.1 % from the stools of healthy control subjects (Edberg et al., 2007; Suarez et al., 2008) . It has been reported that Aeromonas species, including A. hydrophila and Aeromonas sobria were the most frequently isolated (22.6 % of all isolates) bacteria from southern Thailand tsunami survivors (Hiransuthikul et al., 2005) . These survivors were exposed to contaminated water after their area was flooded by the tsunami wave. Furthermore, high numbers of Aeromonas spp. were found in floodwater samples collected after hurricane Katrina in New Orleans (Presley et al., 2006) . In many epidemiological investigations it has been shown clearly that there is a link between water sources and Aeromonas-mediated infections (Edberg et al., 2007) . The increasing frequency of reports of aquatic-environmentassociated human infections, such as those caused by Aeromonas, makes it important to know whether the environmental isolates possess virulence-associated factors and therefore represent an increased health risk for humans (Krovacek et al., 1994) . Hence, it is important to isolate and determine the frequency of occurrence of the aetiological agents of diarrhoea in the natural environment and to characterize them in detail. We report here the isolation of A. hydrophila from natural surface waters, and its ability to produce virulence-associated factors similar to that in clinical isolates. We also investigated the enteropathogenic potential of some of the isolates in animal models, and compared them with clinical strains of A. hydrophila and toxigenic V. cholerae.
METHODS
Study area and sample collection. Sixteen different sites (Canning, Budge Budge, Lakshmikantapur, Sonarpur, Jadavpur, Dum Dum, Kalighat, Rajarhat, Chetla, Mudialy, Taratala, Bally, Taldi, Behala, Dakshin Barasat and Deulti) located in Kolkata and its surroundings, West Bengal, India, were selected because diarrhoeal diseases are endemic in these areas (Bag et al., 2008) . These water sources are used for domestic purposes, such as bathing, washing of clothes and utensils, and cooking, by the community and are probably linked to infections by enteropathogens. Water samples were collected in sterile 250 ml glass bottles from ponds and canals (5 cm below the water surface) bi-weekly from April 2001 to March 2003. Inoculations into selective media were conducted within 24 h after collection of the water samples.
Isolation and identification of bacteria. Ten millilitres of water sample was inoculated into 10 ml double-strength alkaline peptonewater (pH 8.6) and incubated at 37 uC for 24 h. A sample from this enrichment culture was streaked with a loop on thiosulfate-citratebile salts-sucrose (TCBS) agar (Eiken) and incubated for 24 h at 37 uC (Kühn et al., 1997) . Yellow or green colonies were picked from the TCBS agar (Kühn et al., 1997) . These colonies were first examined by a single-tube multi-test medium (Kaper et al., 1979) . Strains exhibiting an alkaline slant/acid butt reaction were further tested for cytochrome c oxidase activity by Kovacs method (Cowan, 1979) . Oxidase-positive isolates were also tested for the string reaction (Smith, 1970) and sensitivity to the vibriostatic agent 2,2-diamine-6,7-diisopropylpteridine phosphate (O/129) with 150 mg disks. A. hydrophila generally gives a negative string test (Smith, 1970) and is resistant to the vibriostatic agent O/129 (150 mg). Oxidase-positive strains were identified by the methods outlined in Cowan (1979) , West & Colwell (1984) , Holt et al. (1994) and Abbott et al. (2003) by using conventional biochemical tests (Ewing & Davis, 1981; Collee et al., 1996) . Salt tolerance was determined by growth of the isolates at 37 uC in 1 % peptone broth without NaCl or supplemented with 7 % NaCl. Shape and motility were determined by phase-contrast microscopy (model BX51/B52; Olympus). For comparison, standard strains of A. hydrophila (AN1 and MTCC 646) were included in all the assays for quality control. All the isolates were stored in nutrient agar as stabs at room temperature. The presumptively identified A. hydrophila isolates were positive for biochemical traits including o-nitrophenylgalactoside, DNase, catalase, growth in 0 and 1 % NaCl, gas from fermented glucose, acid production from D-mannitol, D-galactose and maltose, nitrate reduction, motility and GCF (H 2 S from cysteine), and invariably negative for ornithine decarboxylase, tryptophan deaminase, utilization of glycine, H 2 S production in triple-sugar iron agar (TSI) and growth in 7 % NaCl (Abbott et al., 2003) . Variable results were obtained in the following tests: acid production from glycerol and mannose, N-acetylglucosamine, and utilization of acetate and citrate, Voges-Proskauer (VP) test, lysine decarboxylase (LDC), DL-lactate, gelatinase, aesculin hydrolysis, and acid from mannose, sucrose, arabinose and cellobiose (Abbott et al., 2003) . All of the environmental isolates except strain PC25 showed a negative string reaction. All were positive for arginine dihydrolase (ADH) except for two isolates, PC48 and PC68. Although A. hydrophila isolates generally give a positive result for ADH, ADH-negative A. hydrophila isolates were reported in an earlier study (Altwegg et al., 1990) . The positive activities for LDC, DNase, DL-lactate, aesculin hydrolysis and gelatinase differentiate A. hydrophila from A. sobria (ADH-negative) (Altwegg et al., 1990; Abbott et al., 2003) . The positive activities for GCF, production of gas from glucose and gluconate oxidation distinguish A. hydrophila from A. caviae and A. media which are ADH-negative (Abbott et al., 2003) . Aeromonas veronii biovar Veronii (ADH-negative) is able to decarboxylate ornithine.
Clinical isolates. Five isolates of A. hydrophila (AN1, AN2, AN37, AE53 and AE55) and one strain each of V. cholerae O1 (NB2) and O139 (SG24) serogroups isolated from hospitalized patients with acute diarrhoea in Kolkata, India, were included in this study.
PCR. The amplification of target genes was carried out by PCR using bacterial cell lysate as the source of template DNA (Bag et al., 2008) . Amplification was performed in a thermal cycler (Eppendorf Mastercycler) using 200 ml PCR tubes with a reaction mixture volume of 25 ml. PCRs for detecting the genes encoding Aeromonas cytotoxic enterotoxin (act) (Kingombe et al., 1999) , Aeromonas haemolysin (hlyA) (Heuzenroeder et al., 1999) , A. caviae haemolysin (Wang et al., 1996) , variants of aerolysin (Pollard et al., 1990) , Aeromonas heat-stable cytotonic enterotoxins (ast) (Sha et al., 2002 , Sinha et al., 2004 , Shiga toxin variants of Escherichia coli (Khan et al., 2002) , V. cholerae outer-membrane protein (ompW) (Nandi et al., 2000) and cholera toxin subunit A (ctxA) (Keasler & Hall, 1993) were done as described elsewhere (Pollard et al., 1990; Keasler & Hall, 1993; Wang et al., 1996 , Heuzenroeder et al., 1999 Kingombe et al., 1999; Nandi et al., 2000) . Strain A. hydrophila SSU (Albert et al., 2000) was used as positive control for ast and act. The sequences of the primers used are listed in Supplementary Table S1, available in JMM Online.
PCR products were electrophoresed through 2 % (w/v) agarose gel to resolve the amplified products, which were visualized under UV light after ethidium bromide staining.
Preparation of cell-free culture supernatants. Trypticase soy broth (TSB; HiMedia) was used for assessing production of various toxins. The test isolates were grown in TSB at 37 uC with shaking (200 r.p.m.) for 18 h. After centrifugation (15 000 g for 20 min at 4 uC), the culture supernatant was filtered using a 0.22 mm filter (Millipore) and the cell-free filtrate was used for the tissue culture and haemolysin assays.
Tissue culture assay. The tissue culture assay was performed using HeLa cells as described previously (Bag et al., 2008) . Morphological changes and cytotoxic effects were recorded after 24 h incubation using an inverted microscope (Olympus).
Adherence assay. Isolates were examined for their adherence to HeLa cells as described previously (Cravioto et al., 1979; Bag et al., 2008) . The adhesion index was determined as the percentage of epithelial cells with adhering bacteria; if at least 40 % of the HeLa cells had adhering bacteria, the strain was considered to be positive (Cravioto et al., 1979) .
Assay of haemolysin and cell-associated haemagglutinating activity. Haemolytic and cell-associated haemagglutinating activity of the isolates with human erythrocytes was determined as described previously (Ramamurthy et al., 1993) . The amount of released haemoglobin in the supernatant was measured spectrophotometrically (U-3210; Hitachi) at 540 nm. PBS and blood cells lysed (100 %) with an equal volume of Triton X-100 solution served as negative and positive controls, respectively.
Detection of extracellular enzymes. Proteolytic (gelatinase and HA/protease) and lipolytic (lipase) activities were examined by the plate assay method (West & Colwell, 1984) . A clear zone around a bacterial colony indicated a positive result. A known strain of V. cholerae O1 for gelatinase and HA/protease, and Pseudomonas aeruginosa for lipase were included as positive controls.
Serum resistance test. The susceptibility of bacteria to human serum was determined as described previously (Bag et al., 2008) , following the method of Hughes et al. (1982) . Responses were graded as highly sensitive, intermediately sensitive or serum-resistant, according to the system of Hughes et al. (1982) .
Antimicrobial susceptibility test. Antimicrobial susceptibility testing was performed by the disk diffusion method (Bauer et al., 1966) with commercially available disks (HiMedia) of 12 antimicrobial drugs on Mueller-Hinton agar (HiMedia). Isolates were considered susceptible, reduced susceptible or resistant to a particular antimicrobial agent on the basis of the diameters of the inhibitory zones that matched the criteria of the manufacturer's interpretive table, which followed the recommendations of the National Committee for Clinical Laboratory Standards (NCCLS, 2002) . E. coli ATCC 25922 was used for quality control.
Enteropathogenicity assay. The enteropathogenicity of the isolates was examined as described previously (Bag et al., 2008) using the sealed-adult-mouse model of Richardson et al. (1984) using Swiss albino mice weighing about 15-20 g. The animals, kept in wire-mesh polycarbonate cages with autoclaved bedding, were acclimated to laboratory conditions (12 h dark : 12 h light cycles; 24±1 uC) and had free access to food and water ad libitum. Animal use and the care protocol were approved by the university animal ethics committee, University of Calcutta. At 5 h post-inoculation, mice were sacrificed and fluid accumulation (FA) ratios were determined (Richardson et al., 1984) . FA ratios of ¢100 were considered positive. For the colonization assay, infections were allowed to proceed for 18 h. The mice were sacrificed and their intestines were aseptically removed. Sections from the intestine were washed with PBS to remove unbound bacteria, weighed and homogenized in PBS. Various dilutions of these homogenates were plated onto TCBS agar and incubated at 37 uC for 24 h. Colony-forming units were counted and colonization is expressed as log 10 [c.f.u. (g tissue)
21
]. Isolates passaged through the mouse gut were recovered from the intestine on TCBS agar plates, and following overnight incubation, approximately five to six colonies were inoculated into peptone water and incubated at 37 uC for 4 h. Approximately 2610 10 c.f.u. bacterial inoculum ml 21 was fed to mice and FA ratios and colonization were determined as described above.
Histopathology. Histopathology was performed using Swiss albino mice as described by Chang & Miller (2006) . After 18 h postinoculation, mice were euthanized and sections of small intestine were immediately fixed in 10 % neutral buffer formalin. Following fixation, tissue samples were embedded in paraffin, sectioned at 5 mm and stained with haematoxylin-eosin for light microscopic examination.
RESULTS
One hundred and thirty-nine samples of natural surface water were collected from 16 sites located in different diarrhoea-endemic zones in and around Kolkata. Thirtyfive (25 %) of the samples contained presumptive A. hydrophila, and this species was isolated from surface waters in 6 of 16 sites sampled (Rajarhat, Dum Dum, Taratala, Canning, Deulti and Budge Budge). All the isolates were Gram-negative, rod-shaped and positive for oxidase. None of them were positive for V. cholerae-specific ompW in the PCR assay, excluding the possibility of misidentification of V. cholerae as Aeromonas species. All the isolates grew on TCBS agar forming either yellow or bluish-green colonies, and gave alkaline slant/acid butt reactions in multi-test medium (mannitol-positive and ornithine decarboxylase-negative) (Kaper et al., 1979) . Of the 100 presumptively identified A. hydrophila isolates, 21 were randomly selected, taking at least two isolates from each site for further characterization. These isolates were identified as A. hydrophila by the criteria described in Methods.
Four and two of the environmental and clinical isolates of A. hydrophila, respectively, were determined to be positive for act by PCR (Table 1) . However, the majority (81 %) of the isolates produced a cytotoxic response to HeLa cells with an end-point titre of 16-256 (reciprocal of dilution of TSB culture filtrate producing cytotoxic effect on ¢50 % of cells) (Fig. 1, Table 1 ). None of the isolates demonstrated a cytotonic effect and was positive for ast in the PCR assay. The majority of the adherence-positive A. hydrophila isolates manifested diffused adhesion and three of the isolates showed localized adhesion on HeLa cells (Fig. 2) .
Eighteen environmental and three clinical isolates of A. hydrophila were examined for their enteropathogenic potential in the sealed-adult-mouse model using live bacterial cells. Toxigenic strains of V. cholerae O139 (SG24) and O1 (NB2) were used for comparison. Of the 18 environmental isolates, 16 induced positive FA (¢100), and the reactivities of these isolates were comparable to those of clinical strains of A. hydrophila ( (Table 2) . Exposure of mouse intestine to the environmental isolates of A. hydrophila caused epithelial damage of villi associated with architectural distortion of crypt and infiltration of polymorphonuclear cells extending through the mucus (Fig. 3) . Dact and hlyA gene sequences were detected by PCR. dTSB culture filtrate was mixed 1 : 1 with human erythrocytes suspended in PBS and incubated at 37 uC for 1 h. The released haemoglobin was measured spectrophotometrically. An OD 540 value of ¢0.1 was considered to be a positive result for haemolysin. Haemolysin activities are expressed as the percentage of lysis by comparing the OD 540 value with that of an identical erythrocyte suspension lysed (100 %) with an equal volume of Triton X-100 solution. §Cell-associated haemagglutinating (HA) activity was determined using pooled group O human blood cells. ++, Immediate reaction; +, reaction was incomplete or not instantaneous, but occurred within 5 min; 2, no agglutination. ||Grades: 5-6, resistant; 3-4, intermediately (delayed) sensitive; 1-2, completely sensitive to human normal serum (Hughes et al., 1982) . A, ampicillin (10 mg); C, chloramphenicol (30 mg); T, tetracycline (30 mg); S, streptomycin (10 mg); N, neomycin (30 mg); G, gentamicin (10 mg); Na, nalidixic acid (30 mg); Fz, furazolidone (100 mg); Nx, norfloxacin (10 mg); Co, co-trimoxazole (25 mg); Ch, cephalothin (30 mg). 
DISCUSSION
Cytotoxin plays an important role in the pathogenicity of enteric bacteria (Nataro et al., 2003) . In this study, two A. hydrophila isolates (PC24 and PC25), evoked a cellvacuolating effect, which is in agreement with other studies (Di Pietro et al., 2005) . Furthermore, these two isolates were able to induce FA in mouse intestine. Previous reports indicated that aerolysin is a pore-forming toxin secreted by human pathogen A. hydrophila that causes vacuolation in the cytoplasm of baby hamster kidney cells (Abrami et al., 1998) . However, none of our isolates were positive for aer sequences (encoding aerolysin) in the PCR assay. Therefore, we suggest that the vacuolating cytotoxin of A. hydrophila in the present study may be different from aerolysin. Furthermore, strains of Vibrio fluvialis are also capable of producing a vacuolation effect in HeLa cells (Chakraborty et al., 2005) , and exhibit biochemical traits typical for the genus with a few features resembling Aeromonas. In many cases, the API20E system identified V. fluvialis strains as A. hydrophila, with high identification scores (Seidler et al., 1980) . Therefore, we included a salttolerance test to distinguish A. hydrophila strains from V. fluvialis. V. fluvialis cannot grow in 1 % peptone without NaCl, but can grow in the same medium with 7 % NaCl. However, strains PC24 and PC25 grew well in broth containing 1 % peptone without NaCl and did not grow with 7 % NaCl. In addition, these isolates were able to produce gas from glucose. V. fluvialis does not produce gas from glucose, thus resembling V. cholerae.
Although one (PC60) of our act-positive isolates did not show cytotoxicity to HeLa cells, all of the act-positive isolates caused FA, epithelial damage of villi and infiltration of polymorphonuclear cells extending through the mucus in mouse intestine. This is in agreement with previous findings which indicated that Aeromonas cytotoxic enterotoxin (Act) induces production of proinflammatory cytokines associated with Act-induced tissue injury . A. hydrophila produces an Act that is related to aerolysin and has haemolytic, cytotoxic and enterotoxic activity (Chopra & Houston, 1999) . Although all of our act-positive isolates caused FA, some of them were non-haemolytic or poorly haemolytic. A. hydrophila may also produce Shiga-like toxin 1, or at least a cytotoxin with some homology to the Shiga-like toxin 1 of E. coli O157:H7 (Haque et al., 1996) . Evidence for production of cholera toxin cross-reactive factor by A. hydrophila had also been documented (Chopra et al., 1986) . When tested by PCR, all the tested A. hydrophila isolates were negative for genes encoding Shiga toxin and cholera toxin.
In the present study, it was found that the majority (71 %) of the environmental isolates of A. hydrophila produced haemolysin. However, only four of them were positive for hlyA in the PCR assay (Table 1) . Additionally, none of the clinical or environmental isolates were positive for A. caviae-specific hly genes. Three isolates of A. hydrophila (PC27, PC28 and PC30) that were negative for haemolysin production were found to evoke a cytotoxic effect on HeLa cells. Furthermore, haemolysin production was not correlated with cytotoxic activity in the present study (P.0.05). One study has shown that 11 toxin-positive A. hydrophila strains from Ethiopia were compared to toxin-negative strains from India, using the API 20E system for biotyping (Ljungh et al., 1977) . In that study, no correlation between biotype and toxin production was found, although specific results of LDC and VP tests were not stated. However, another group (Cumberbatch et al., 1979) established a correlation between toxigenicity and LDC-and VP-positive phenotypes. The significance of the relationship between an LDC-and/or VP-positive phenotype and toxigenicity is still unknown. The association of enterotoxigenicity and raffinose fermentation in porcine E. coli appears to be related to these properties being mediated by the same plasmid, rather than any intrinsic requirement for raffinose fermentation in the biosynthesis of enterotoxin (Schneider & Parker, 1978) . However, in the present study, we did not find any correlation between cytotoxin production and various biotypes such as LDC, VP, utilization of citrate and are not yet clear, we found that protease, gelatinase or lipase activities were significantly correlated with cytotoxin production (P,0.05) in the environmental isolates. Lecithinase (phospholipase C) was shown to be cytotoxic, but non-haemolytic or poorly haemolytic (Merino et al., 1999) . This is in agreement with our experience with A. hydrophila isolates. We found a good correlation between lipase activities and cytotoxin production (P,0.05), but this did not correlate with haemolysin activities (P.0.05). The findings of another study revealed that the majority of clinical isolates of A. hydrophila showed localized adhesion to intestinal 407 cells, whereas environmental isolates showed diffused adhesion (Krovacek et al., 1994) . Although the majority of the adherence-positive A. hydrophila isolates manifested diffused adhesion, three of the isolates showed localized adhesion on HeLa cells in our study. Furthermore, a very good correlation exists between adherence and either protease or haemagglutinating activity (P,0.005).
Haemolysin activity did not correlate with adherence property. However, adherence to HeLa cells did correlate with the VP biotype (P,0.05).
In our study, the majority (90 %) of the isolates showed serum resistance properties (grade 5 and 6 or grade 3 and 4), comparable with clinical isolates. Lawson et al. (1985) indicated that some of the clinical isolates of A. hydrophila are invasive in HEp-2 cells. Additionally, the bactericidal activity of antibodies and 'complement-like' bactericidal activity is operative in the intestinal mucosa, contributing to the colonization properties of a variety of bacterial pathogens (Parsot et al., 1991) . Hence, the serum resistance properties of A. hydrophila could also play an essential role in intestinal colonization. It has been suggested that the ability of some A. hydrophila strains to resist complementmediated killing could result in bacteraemia and other invasive diseases associated with Aeromonas infection (Merino et al., 1996) .
A previous study revealed that most of the Kolkata A. hydrophila strains (clinical) included in the study showed resistance to ampicillin, nalidixic acid, cephalothin, streptomycin and furazolidone (Sinha et al., 2004) . In the present study, the environmental isolates of A. hydrophila were resistant or had reduced susceptibility to ampicillin (93 %), furazolidone (93 %), tetracycline (93 %), neomycin (71 %), cephalothin (62 %), streptomycin (18 %) and nalidixic acid (14 %). Emergence of multiple resistance is a serious clinical problem in the treatment and containment of disease. Although clinical isolates of A. hydrophila have been reported to be resistant to ampicillin, one isolate (PC16) was sensitive to ampicillin and this finding agrees with the earlier isolation of an ampicillin-sensitive strain of A. hydrophila from a water sample (Rippey & Cabelli, 1979) . In one earlier study, it was shown that nalidixic acid resistance (72 %) was much more frequent than tetracycline (21 %) or co-trimoxazole (14 %) resistance among environmental isolates of Aeromonas (Goñi- Urriza et al., 2000) . Other studies have demonstrated that quinolone resistance was less than 25 % among environmental isolates (McKeon et al., 1995) . In the present study, furazolidone (93 %) or tetracycline (93 %) resistance were much more frequent than nalidixic acid resistance (14 %). The identification of this diversity of resistance among Aeromonas isolates from the aquatic environment led us to the conclusion that these Aeromonas isolates may serve as a reservoir of antibiotic resistance genes, and the resistance may be transferred to other bacteria in the environment as well (Henriques et al., 2006) . The prevalence and transmission of multi-drug resistance among clinical and environmental isolates of Aeromonas has been documented by several authors (Miranda & Castillo, 1998; Goñi-Urriza et al., 2000; Henriques et al., 2006; Rahman et al., 2009) . In many studies, an increase in resistance was observed among strains of Aeromonas isolated from rivers receiving urban discharge (Bhattacherjee et al., 1988; Ko et al., 1996; Goñi-Urriza et al., 2000) . In our study, a higher prevalence of multiple resistances was observed, and this might be due to the fact that urban or rural effluents, including industrial effluent or raw sewage, etc., in developing countries are known to contain high levels of antibiotics and antibiotic-resistant bacteria belonging to the human and animal commensal flora (Bhattacherjee et al., 1988; Goñi-Urriza et al., 2000; Kathuria, 2006) .
It was interesting to note that some of the environmental isolates showed enterotoxic activity and colonization in mouse intestine comparable to those of clinical isolates of A. hydrophila and toxigenic V. cholerae. Environmental isolates showed an increase in FA from 1.08 to 109.55 % and a level of colonization between 0.23 and 3.13 log 10 [c.f.u. (g tissue) 21 ] after passage through the mouse intestine (Table 2) . Except for serum resistance, one (PC48) of the isolates was negative for the putative virulence traits tested in this study. However, this isolate showed positive FA and efficient colonization in the mouse intestine. This effect may be due to the presence of another unknown enterotoxin. Damage to the mouse intestine and the inflammatory reaction caused by the environmental isolates were comparable to those of clinical strains of A. hydrophila and toxigenic V. cholerae (Fig. 2) . Therefore, it can be suggested that A. hydrophila can produce cytotoxic substance(s) and causes FA and destruction of intestinal mucosa resembling the activity of toxigenic V. cholerae. Although it is still unclear which virulence factor(s) of A. hydrophila is responsible for causing diarrhoea in humans, we propose that environmental isolates of this species may be a potential enteric pathogen, and that continuous monitoring is needed to explicate the ecology and the public health significance of A. hydrophila.
